Objective: The aim of this study was to compare the efficiency of Kinesio ® taping and electrical stimulation in the treatment of patellofemoral pain syndrome.
general quadriceps exercises and stretching tight lateral structures. [5] Additionally, patient education, rest, activity modification, electromyographic biofeedback, neuromuscular electric stimulation (electrostimulation), therapeutic ultrasound, thermotherapy, patellar taping, bracing, shoe orthotics, knee sleeves, and nonsteroidal anti-inflammatory drugs are generally included in the nonoperative treatment of PFPS. [6] [7] [8] [9] There is not much mention of Kinesio ® taping (KT) for PFPS rehabilitation in the literature, although it is known to improve muscle function, help circulation, decrease pain, and is regarded by physiotherapists as a method that supports rehabilitation and modifies some physiological processes. [10, 11] KT supports joint function by exerting an effect on muscle function, enhancing lymphatic system activity and endogenous analgesic mechanisms as well as improving microcirculation. [10] Electrostimulation (ES) facilitates muscle action and strengthens muscles by activating motor units that induce action potentials in the motor nerve. [12] Electrostimulation has been used for quadriceps rehabilitation in knee conditions. [13] In PFPS management, electrostimulation is used for the muscles around the knee, especially the quadriceps. [6, 14] Some researchers have suggested electrostimulation or biofeedback to facilitate strengthening VMO. [15] [16] [17] The literature suggests that electrostimulation facilitates muscle action, that KT has an effect on muscle function, and that the VMO muscle should be considered during rehabilitation of PFPS patients. [10, 13, 18] There is inconclusive evidence supporting the superiority of one physiotherapy intervention over the others in the treatment of PFPS. Many studies have demonstrated the role of electrostimulation in PFPS rehabilitation and various knee problems with the aim of strengthening quadriceps muscle or its different parts. [13, 14, 16, 17] The beneficial effects of KT on muscle strengthening have also been mentioned, although these lack strong evidence.
The aim of our study was to compare the effect of KT and electrostimulation on pain and function in patients with PFPS.
Patients and methods
The present study was designed as a master's thesis. Forty-two participants were referred and 30 participants (71%) fulfilled the eligibility criteria and then were divided into two groups (Fig. 1) . All participants completed the study.
Patients were diagnosed with PFPS by the Istanbul Faculty of Medicine's Department of Physical Medicine and Rehabilitation. Patients with anterior or retropatellar knee pain during at least two activities (ascending-descending stairs, hopping-running, squatting, kneeling, prolonged sitting) for a period lasting longer than 3 months were included in the study. Patients with contraindications for exercise or electrostimulation practice, prior knee operations, knee instability, meniscus rupture, abnormal foot, ankle pronation, Grade 3 or 4 osteoarthritis, patellofemoral pain longer than 10 years or initial onset of symptoms related to trauma were excluded. Patients with knee pain caused by the hip or spine were also excluded.
Patients were divided into two equal groups, in order of their entry to the clinic with the first 15 (KT group; 20 affected extremities) receiving KT and an exercise program and the next 15 (ES group; 19 effected extremities) receiving electrostimulation and the same exercise program. Nine patients had bilateral PFPS and a lower-extremity therapy program was performed for the 39 limbs.
Treatment was applied in both groups by a certified physiotherapist. Sessions were individual and lasted for 45 to 50 minutes, 3-times a week for 6 weeks (Table 1) . Patients were asked to do exercises at home on nontreatment days and compliance was monitored via a daily log. A 2-inch I strip of Kinesio ® Tex Tape split to a Y was used proximal to the superior patellar border. With the patient in a supine with knee fully-extended position, the strip was applied starting approximately 10 cm below the anterior superior iliac spine (origin of rectus femoris) with an I base at zero tension. The tape was lined towards the kneecap at 50% tension, then the knee was flexed gradually and tails of Y were affixed at flexion (Fig. 2) . The lateral tail of the Y portion was applied at 75% of available tension used over the lateral border, finishing with zero tension. The medial tail was applied starting at 10% and finishing at zero tension. Another 2-inch Y-shaped tape was used for the VMO. An I strip was applied to the VMO (at an approximately 50-55º angle to the femur's long axis), its base starting at zero tension, then lined to the patella at 50% tension. The lateral tail of the Y portion was applied at 75% tension, its medial tail was applied at 10% tension and was finished at zero tension.
Electrostimulation was delivered using a dual-channel, portable electrostimulation unit (EMS 2000; BioMedical Life Systems, Inc., Vista, CA, USA) with the patient sitting and the knee flexed at approximately 30º. Two self-adhesive electrodes were used for each patient. One was placed approximately 4 cm superior and 3 cm medial to the superior-medial border of the patella (50 to 55º to vertical) for the VMO muscle and the other approximately 10 cm superior and 6 cm lateral to the superior border of the patella (10 to 15º to vertical) for the vastus lateralis (VL) muscle. Stimulation periods lasted 20 minutes (frequency: 40 Hz; pulse duration: 300 μs; duty cycle: 20:40). Stimulation intensity was the highest level comfortably tolerable for the patient.
Participants read and signed an informed consent form before the study and the Istanbul University, Istanbul Faculty of Medicine Ethics Committee approved the study.
Assessments were performed twice, at the start of the treatments and at the six-week end. A patient assessment form was completed at the first assessment session. Data including age, gender, height, weight, affected extremity, and education were collected. Body mass index (BMI) was calculated as mass (kg) divided by height squared (m 2 ).
Patellofemoral pain was assessed using the visual analog scale (VAS), comprising a 100 mm line with 0 representing 'no pain' and 10 representing 'the worst pain'. The VAS is a reliable, valid and sensible scale for the assessment of pain in patients with PFPS. [19] Knee extension strength was assessed using the manual muscle test standardized by the British Medical Research Council. [20] The 'Kujala Patellofemoral Score', a self-reported questionnaire scoring system, was used to assess knee function. The scoring system values range from 100 (a normal, painless, fully functioning knee) to 0 (severe knee pain, dysfunction). [21, 22] Strengthening exercises Step, triple-jump and knee flexion tests were used to measure functional outcomes. The step test was performed by counting the number of steps up and down that patient could perform until patellofemoral pain onset using a 25-cm step. [13] In the triple-jump test, we asked patients to stand on a painful limb, perform three consecutive hops, landing on the same foot. Then the total distance was measured. [23] In the knee flexion test, we assessed knee flexion until initial pain onset while squatting. This was measured using a universal goniometer, aligned with the femur's lateral aspect through the fibulae's lateral aspect. [13] Generic health-related quality of life (QoL) was assessed using the Turkish version of the Medical Outcomes Study Short Form 36 (SF-36) questionnaire, developed for use in clinical practice, research, health policy evaluations, and general population surveys by Ware. [24] The validity and reliability of the Turkish version of the SF-36 has been well documented. [25] Statistical analyses were performed using the SPSS v.12.0 for Windows. A p value of less than 0.05 was considered statistically significant for all analyses for a twotailed test. Comparison of treatment groups was performed using an intention-to-treat analysis of difference between baseline-final scores with 95% confidence intervals, independent sample t-tests or Mann-Whitney U tests. The paired sample t-test and Wilcoxon SignedRank test were used to compare outcomes before and after treatment. The Mann-Whitney U test was used to compare improvements and differences between groups.
Results
There were no significant differences between participants in the two groups for any demographic characteristics, with the exception of height (Table 2) . Although mean height values were significantly different in the two groups, mean BMI showed no significant difference; so height differences were not considered.
Baseline pain values, muscle strength, clinical and functional test results and SF-36 scores did not differ between the KT and ES groups (Table 3 ).
There were no significant differences in post-treatment pain levels between the groups (p=0.227). There were significant improvements in both groups' preand post-VAS scores (Tables 3 and 4 ).
There were no significant differences in knee extension strength between groups (p=0.509); and the KT and ES groups showed significant improvements in the within-group analysis (p=0.007 and p=0.002, respectively) ( Table 3) .
No significant differences were found in post-treatment Kujala scores between groups (p=0.547). Withingroup analysis revealed significant improvements between pre-and post-treatment values for both groups.
There were no significant differences between groups for final knee flexion test scores (p=0.311). Within-group analysis showed significant improvements of 16º in the KT group (p=0.005) and 17º in the ES group (p=0.003).
No significant differences were found between the groups at the final triple-jump test scores (p=0.177). Within-group analysis showed significant post-treatment improvements of 9 cm in the KT group (p=0.002) and 17 cm in the ES group (p=0.013).
There was no significant difference in the final step test scores between the groups (p=0.405). There were significant within-group improvements for the step test in the KT group (mean difference: 5 steps; p=0.011), but not in the ES group (mean difference: 3-steps; p=0.108) ( Tables 3 and 4 SF-36 subscale scores showed no significant differences between groups for post-treatment values (Table  5) . Within-group analysis differences were significant for both groups in all subscale scores. General health (p=0.166) and vitality (p=0.066) subscale scores' differences at baseline and final evaluations were not significant but others were statistically significant (Table 4) in both groups.
Discussion
Patients in both the KT and ES groups were treated individually with standardized treatment programs and improved in almost every outcome after 6 weeks. Our study showed no difference between the groups. Additionally, beneficial results following both treatment options were observed for pain, muscle strength, function, and QoL. These results support the use of KT and electrostimulation as part of a rehabilitation program.
Electrostimulation for PFPS and various knee problems aiming to strengthen the quadriceps muscle or its parts has been demonstrated in many studies. [13, 14, 26, 27] Werner et al. [14] showed that electrostimulation of the vastus medialis (VM) and stretching of the lateral thigh muscles may be useful for patients with patellofemoral complaints. They also demonstrated that the mass of the VM developed significantly and that two-thirds of the patients receiving treatment maintained these developments in the affected extremity after 3.5 years. Callaghan and Oldham [13] assessed the effectiveness of the use of two different electrostimulation techniques in the rehabilitation of 74 patients with PFPS. Improvements in muscle strength and function were statistically significant and there were significant reductions in pain and muscle fatigue. Leroux et al. suggested using electrostimulation or biofeedback to facilitate VMO strengthening. [16] Similarly, Steadman proposed electrostimulation for the VM with the goal of providing proper patella alignment in the patellofemoral joint. [17] Parallel to the literature, the current study supports the use of electrostimulation to reduce pain and improve function for patients with PFPS.
Although there are many studies including the use of electrostimulation, sufficient data does not exist on the effects of KT use in patients with PFPS. Chen et al. [28] researched the efficacy of KT application and its effect on activation time and rate of the VL and VMO muscles. As a result of this research, they determined that KT accelerates VMO activation and does not affect VMO/VL activation ratio. They also suggested that the 'tactile input' provided by KT may alter the muscle strength.
Słupik et al. [10] investigated the bioelectric effect of KT on the VM muscle. They showed that muscle bioelectrical activity increased 24 hours after taping and continued for 48 hours after the tape was removed. Step test (step number) 13.85±7.50 15.90±10.70 3.10 0.108 *Differences for changes in primary outcomes. Values below 0.05 were considered statistically significant. † Measured on a 10 cm visual analog scale (0= no pain; 10= maximum pain). ‡ Standardized manual muscle test grade on a 0 to 5 scale (0= no active contraction can be detected; 5= normal muscle strength). § Scoring system values ranging from 0-100 (0 = severe knee pain and dysfunction; 100= a normal, painless, fully functioning knee). Significant improvements in pain reduction were obtained in both groups (p=0.000). A common explanation for pain relief in patients with PFPS is that improvement in quadriceps muscle provides patellar stability. [29] Many physical therapy protocols emphasize VMO strengthening for its medial stabilizing effect on the patella. Zappala et al. [30] and McConnell [31] showed that the VMO keeps the patella normally aligned in the anatomical groove. The correction to normal function and movement puts less stress on the pain-sensitive patellar retinaculum and other tissues, and thus reduces pain. [32] In our study, pain reduction can be explained by the strengthening of the VMO through short-arc and weight-bearing exercises and KT or electrical stimulation, as well as the lengthening of shortened structures with stretching exercise.
Improvements in knee extension strength in the KT and ES groups were significant with one group not superior to the other. We can say that both treatment programs are effective for knee extension strength and quadriceps muscle strength, which are considered important for patients with PFPS. [8, 30] We assessed knee functions with clinical tests (knee flexion, triple-jump, step test). All outcome measures for these clinical tests showed significant improvement in both groups, with the exception of the step test in the ES group. However, there was no statistically significant difference between the two groups.
The Kujala patellofemoral score, described by Kujala et al. in 1993 , is a reliable and sensitive scale for the functional assessment of knee complaints associated with patellofemoral structures. [19, 21] There were no significant differences between groups, although both groups showed improvements from pre-to post-treatment results. One of the most commonly used scales to objectively assess QoL is the Medical Outcomes Study Short Form, Health Survey (SF-36). We assessed our patients' general health status with this scale, in addition to pain, function, and knee extension strength assessments. There were no significant differences between the groups and both groups had significantly improved between pre-and post-treatment QoL results.
The lack of an exercise-only group may be considered to be a deficiency of our study, but the literature has already established that exercise is beneficial for PFPS. Therefore, testing the superiority of therapies in addition to exercise seemed appropriate. However, future research to substantiate the efficacy of KT and electrostimulation compared to an exercise-only program is needed.
A limitation to our study was the absence of a power analysis. We did not perform this type of analysis as this was a thesis study performed with a limited timeframe.
There are advantages and disadvantages to both methods in their clinical application and the patients' viewpoint. KT application in the clinic takes a short period of time. Tape can be used for 3 to 7 days and therapeutic effects continue throughout the day, giving a feeling of knee support. However, disadvantages of KT include the necessity of training on proper and efficient application, and possible patient complaints with the appearance of the tape under clothes. Disadvantage of ES application is that it requires a specific device, a physiotherapist, and more time spent with patients. Patient comments led us to believe that electrostimulation provided higher patient satisfaction, although this was not analyzed. This may be explained by cultural characteristics. When the costs of two methods are considered, it may be inferred that electrostimulation is cheaper than taping.
In conclusion, combined with an exercise program, KT and electrostimulation have similar effects on pain reduction, functional condition improvement, increased muscle strength and improved QoL and have no superiority to the other in the treatment of PFPS.
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